The Bax lnhibitor-1 needs a functional electron transport chain for cell death suppression  by Oshima, Reiko et al.
FEBS Letters 581 (2007) 4627–4632The Bax lnhibitor-1 needs a functional electron transport chain
for cell death suppression
Reiko Oshimaa,1, Keiko Yoshinagaa,b,1, Yuri Ihara-Ohoria, Ryouichi Fukudac, Akinori Ohtac,
Hirofumi Uchimiyaa,d, Maki Kawai-Yamadaa,e,*
a Institute of Molecular and Cellular Biosciences, The University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku, Tokyo 113-0032, Japan
b Laboratory of Plant Molecular Genetics, Graduate School of Agricultural and Life Sciences, The University of Tokyo, 1-1-1 Yayoi,
Bunkyo-ku, Tokyo 113-8657, Japan
c Department of Biotechnology, The University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku, Tokyo 113-8657, Japan
d Iwate Biotechnology Research Center, Kitakami, Iwate 024-0003, Japan
e Japan Science and Technology Agency (JST), Core Research for Evolutional Science and Technology (CREST), Japan
Received 10 July 2007; revised 13 August 2007; accepted 27 August 2007
Available online 7 September 2007
Edited by Francesc PosasAbstract Bax inhibitor-1 (BI-1) is an evolutionarily conserved
cell death suppresser in animals, yeast, and plants. In this study,
yeast strains carrying single-gene deletions were screened for
factors related to cell death suppression by Arabidopsis BI-1
(AtBI-1). Our screen identiﬁed mutants that failed to survive
Bax-induced lethality even with AtBI-1 coexpression (Bax
suppressor). The Dcox16 strain was isolated as a BI-1-inactive
mutant; it was disrupted in a component of the mitochondrial
cytochrome c oxidase. Other mutants defective in mitochondrial
electron transport showed a similar phenotype. ATP levels were
markedly decreased in all these mutants, suggesting that BI-1
requires normal electron transport activity to suppress cell death
in yeast.
 2007 Federation of European Biochemical Societies.
Published by Elsevier B.V. All rights reserved.
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Apoptosis1. Introduction
Apoptosis, or programmed cell death, is a part of normal
development and homeostasis in metazoans. Apoptosis is co-
regulated by the conserved family of Bcl-2-related proteins,
which includes both anti-apoptotic (e.g., Bcl-2 and Bcl-xL)
and pro-apoptotic (e.g., Bax and Bak) members [1]. Bcl-2
family members function mainly at the mitochondria, and
are pivotal in deciding the fate of a cell.
Inmammalian cells following a death signal, Bax translocates
to the mitochondria and promotes release of cytochrome c from
the mitochondrial intermembranous space to the cytosol. This
cytochrome c is then available to associate with Apaf-1 follow-Abbreviations: BI-1, Bax inhibitor-1; ER, endoplasmic reticulum; HR,
hypersensitive response; SD, synthetic dextrose
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doi:10.1016/j.febslet.2007.08.054ing activation of caspases, a protease family that induces apop-
totic changes such as chromatin condensation and DNA
laddering. The Bcl-2 and caspase family are highly conserved
in the animal kingdom, but have no obvious homologues in
yeast or plant genomes. Nonetheless, expression of Bax in yeast
and plants causes cell death accompanying DNA laddering
[2,3]. Moreover, expression of anti-apoptotic Bcl-2-related pro-
teins, such as Bcl-2, Bcl-xL, and Ced-9, repress Bax- and oxida-
tive stress-induced cell death in yeast and plants [4–6].
A human Bax inhibitor-1 (BI-1) gene was identiﬁed
originally as a suppresser of Bax-mediated lethality in yeast
[7]. Unlike Bcl-2 family members, BI-1 is an evolutionarily
conserved endoplasmic reticulum (ER) protein that suppresses
cell death in animal, yeast, and plant cells [8,9]. Arabidopsis BI-
1 homologue, AtBI-1, suppresses Bax- and H2O2-mediated cell
death in yeast, animals and plants [3,10,11]. AtBI-1 contains
six or seven potential transmembrane helices, and a highly con-
served C-terminal domain that contains a binding region for
calmodulin and is essential for the suppression of cell death
[11,12]. Expression of AtBI-1 is rapidly upregulated in plants
during wounding or pathogen challenge [13] and downregu-
lated during elicitor-induced hypersensitive response (HR)
[14]. These data indicated that BI-1 controls cell death mecha-
nisms conserved in animals, yeast, and plants, however, the
molecular machineries underlying these mechanisms remain
unclear.
Traditional genetic approaches were successfully applied in
yeast to identify possible apoptosis-regulating genes [7,15].
This study aimed to identify functional partners of BI-1 in Sac-
charomyces cerevisiae strains carrying single-gene deletions.
Yeast mutants coexpressing AtBI-1 and Bax were screened
systematically to reveal BI-1-inactive mutants, which do not
survive from Bax-induced lethality despite them coexpressing
BI-1. Isolated BI-1-inactive mutants demonstrated ATP-less
phenotype, suggesting possible involvement of ATP in the sur-
vival mechanism of AtBI-1.2. Materials and methods
2.1. Yeast strains and transformation
S. cerevisiae single-gene disruption mutants were purchased
from EUROSCARF (http://web.uni-frankfurt.de/fb15/mikro/euro-
scarf/index.html). Yeast strains were cultured in YPD (1% yeast extract,blished by Elsevier B.V. All rights reserved.
Table 1
Saccharomyces cerevisiae strains used in this study
Strain Systematic name Genotype
WT BY4741 MATa his3D1 leu2D0 met15D0 ura3D0
Dndi1 YML120c MATa his3D1 leu2D0 met15D0 ura3D0 YML120c::kanMX4
Dsdh2 YLL041c MATa his3D1 leu2D0 met15D0 ura3D0 YLL041c::kanMX4
Dsdh4 YDR529c MATa his3D1 leu2D0 met15D0 ura3D0 YDR178w::kanMX4
Dqcr7 YDR178w MATa his3D1 leu2D0 met15D0 ura3D0 Dqcr7::kanMX4
Dqcr6 YFR033c MATa his3D1 leu2D0 met15D0 ura3D0 YDR529c::kanMX4
Dqcr8 YJL166w MATa his3D1 leu2D0 met15D0 ura3D0 YJL166w::kanMX4
Dcyt2 YKL087c MATa his3D1 leu2D0 met15D0 ura3D0 YAL039c::kanMX4
Dcyc2 YOR037w MATa his3D1 leu2D0 met15D0 ura3D0 Dcyc2::kanMX4
Dcox5a YNL052w MATa his3D1 leu2D0 met15D0 ura3D0 YOR037w::kanMX4
Dcox6 YHR051w MATa his3D1 leu2D0 met15D0 ura3D0 Dcox6::kanMX4
Dcox7 YMR256c MATa his3D1 leu2D0 met15D0 ura3D0 YHR051w::kanMX4
Dcox8 YLR395c MATa his3D1 leu2D0 met15D0 ura3D0 Dcox8::kanMX4
Dcox11 YPL132w MATa his3D1 leu2D0 met15D0 ura3D0 YPL132w::kanMX4
Dcox15 YJL003w MATa his3D1 leu2D0 met15D0 ura3D0 YER141w::kanMX4
Dcox16 YER141w MATa his3D1 leu2D0 met15D0 ura3D0 YJL003w::kanMX4
Dcox18 YGR062c MATa his3D1 leu2D0 met15D0 ura3D0 YGR062c::kanMX4
Datp1 YBL099w MATa his3D1 leu2D0 met15D0 ura3D0 YBL099w::kanMX4
Datp2 YJR121w MATa his3D1 leu2D0 met15D0 ura3D0 YJR121w::kanMX4
Datp15 YPL271w MATa his3D1 leu2D0 met15D0 ura3D0 YPL271w::kanMX4
Datp17 YDR377w MATa his3D1 leu2D0 met15D0 ura3D0 YDR377w::kanMX4
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and 2% peptone) or synthetic dextrose (SD) medium with appropriate
supplements at 30 C. Yeast transformation was performed by the lith-
ium acetate method. Mutant genotypes used in this study are listed in
Table 1.2.2. Plasmid construction
The expression vector pYX112-AtBI-1 has been described previ-
ously [16]. The pYX112-mBcl-2 vector was constructed by ligating
EcoRI-digested pYX112 (TPI-promoter, Ura-marked, 2-lm replicon)
plasmid and EcoRI-tagged mouse Bcl-2 gene (a kind gift from Dr. Fuj-
ita, University of Tokyo, Japan). YEp51-Bax was kindly provided by
Dr. J.C. Reed (The Burnham Institute, La Jolla, CA, USA). To obtain
expression vector NMV3-COX16, the cox16 gene tagged with EcoRI
and SalI recognition sequences was ampliﬁed by the PCR method,
and then introduced into the EcoRI- and SalI-digested NMV3 expres-
sion vector (GAL10 promoter, Trp-marked; a kind gift from Dr. Nak-
ano and Dr. Matsuda, RIKEN, Japan).2.3. Spot assay
Yeast cell suspensions grown in SD–glucose medium for 1 day were
adjusted to an OD660 of 0.1 or 0.2, and diluted to various concentra-
tions. Aliquots (5 ll) from each dilution were spotted onto SD–glucose
or SD–galactose medium containing appropriate supplements, and
incubated for 2 days (glucose medium) or 4 days (galactose medium)
at 30 C.
2.4. RT-PCR
Yeast total RNA was extracted using the RNeasy plant miniprep
kit (Qiagen, Hilden, Germany). Two micrograms of this RNA consti-
tuted the template for RT-PCR using speciﬁc primers for AtBI-1
(5 0-GGAATTCATGAGCATCCTTATCACTGCATT-3 0 and 5 0-GG-
TACCTCAGTTTCTCCTTTTCTTCTTC-3 0) and Bax (5 0-GGCAT-
GCTCAGCCCATCTTCTTCCAGAT-3 0 and 5 0-CCTCGAGATGG-
ACGGGTCCGGGGAGCAG-3 0). Direct ampliﬁcation with Ready-
to Go RT-PCR Beads (Amersham Pharmacia Biotech Inc., Piscata-
way, NJ) was conducted with 1 cycle at 42 C for 20 min and 1 cycle
at 95 C for 5 min; then 35 cycles at 95 C for 30 s and at 72 C for
1 min.
2.5. Measurement of ATP content
Yeast strains were grown in YPD medium for 1 day then subjected
to ATP extraction using the LL100-2 kit (TOYO B-Net; Japan). An
ATP luminescence kit (LL100-1; TOYO B-Net; Japan) measured the
amount of ATP in yeast cells of the same OD.3. Results
3.1. AtBI-1 does not inhibit Bax-induced cell death in Dcox16
mutants
Yeast strains carrying single-gene deletions were used to
screen for genes related to BI-1 function. Each mutated gene
was disrupted by homologous recombination with the kanMX
marker conferring resistance to G418. We randomly selected
300 of the disrupted strains and transformed them with
YEp51-Bax, which produces Bax under control of the galact-
ose-inducible GAL10 promoter. The cells were further trans-
formed with pYX112-AtBI-1 (TP1 promoter) and plated on
glucose-containing medium. Coexpression of anti-apoptotic
protein AtBI-1 from the constitutive TPI promoter abrogated
the eﬀects of Bax on cell viability. Thus, cells harboring both
Yep51-Bax and pYX112-AtBI-1 survive on galactose-contain-
ing (Gal) medium [16]. To obtain AtBI-1-inactive mutants,
strains not recovered on Gal-medium, in spite of AtBI-1 coex-
pression, were isolated from the randomly selected yeast
mutants. Yeast colonies possessing Bax and AtBI-1 plated
on SD–glucose medium were replicated onto the SD–galactose
plates to induce Bax expression. After 2 days of incubation at
30 C, strains showing inhibited growth on Gal-medium were
picked up from the replica plate on glucose medium.
Successive screening of 300 strains isolated an AtBI-1-inac-
tive single-deletion mutant, Dcox16. As shown in Fig. 1A,
the wild type (WT) strain possessing Bax and BI-1 showed
recovered growth on Gal-medium, whereas the Dcox16 strain
failed to survive. For the complementation test, we constructed
the NMV3-COX16 plasmid, which expresses cox16 under con-
trol of the Gal1 promoter. On the Gal-medium, Dcox16 strains
transformed with YEp51-Bax, pYX112-AtBI-1, and NMV3
(as a vector control; indicated as – cox16 in Fig. 1B) did
not grow, however, those transformed with YEp51-Bax,
pYX112-AtBI-1, and NMV3-COX16 showed recovered
growth (Fig. 1B).
AtBI-1 protein has been localized at ER membranes in yeast
and plant cells [3]. To conﬁrm the presence of AtBI-1 protein
in the Dcox16 mutants, pYX112-AtBI-GFP (AtBI-GFP) and
Fig. 1. AtBI-1 does not suppress Bax-induced lethality in Dcox16. (A) AtBI-1 failed to suppress Bax-induced lethality in the Dcox16 yeast mutant.
An expression vector (pYX112-AtBI-1) was transformed into wild type BY4741 (WT) and Dcox16 strains harboring galactose-inducible Bax
expression plasmid (YEp51-Bax). Transformants were streaked on glucose (Glc)- or galactose (Gal)-containing medium lacking uracil and leucine.
Cells were imaged at 2 days (Glc) or 4 days (Gal) after incubation at 30 C. (B) Spot assay of yeast cells expressing AtBI-1 and Bax. Yeast cells
transformed with plasmids, YEp51-Bax, pYX112-AtBI-1 (AtBI-1) or pYX112 (empty vector) and NMV3-cox16 or an NMV (empty plasmid) were
cultured in SD medium containing glucose. After 1 day of shaking, the OD600 of each culture was adjusted to 0.2 and diluted to 0.002. Each dilution
was spotted on SD medium containing glucose (Glc) or galactose (Gal). The results show the growth of each line after 2 days (Glc) and 4 days (Gal)
of incubation at 30 C. (C) Localization of GFP-tagged AtBI-1 in Dcox16 yeast cells. Brightﬁeld (Up) and ﬂuorescence images (Down) are displayed.
The yeast cells cultured in Glc-medium were imaged at 488-nm excitation wavelength to detect GFP.
Fig. 2. Cell death-suppression activity of AtBI-1 and mBcl-2 in COX
deletion mutants. Yeast mutant lines transformed with YEp51-Bax
and pYX112-AtBI-1 (A) or YEp51-Bax and pYX112-mBcl-2 (B) were
cultured in medium containing glucose. After 1 day of shaking, the
OD600 of each culture was adjusted to 0.1 and diluted to 0.001. Each
dilution was spotted on SD medium containing glucose (Glc) or
galactose (Gal). The results show the growth of each strain after 2 days
(Glc) and 4 days (Gal) of incubation at 30 C. BY4741 was used as a
control (WT).
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observed by ﬂuorescence microscopy. AtBI-GFP ﬂuorescence
was apparent in the perinuclear region of both Dcox16 and
WT cells, in a pattern indicative of ER staining (Fig. 1C), as
reported previously [3].
3.2. Selected subunits of cytochrome c oxidase are necessary for
AtBI-1 function, but not for mBcl-2
COX16 is a subunit of the cytochrome c oxidase (COX)
complex. COX is the terminal enzyme in the respiratory chain
and resides in the mitochondrial inner membrane, where it cat-
alyzes the reduction of dioxygen to water. To investigate the
contribution of other COX subunits for AtBI-1 function, we
utilized a series of yeast strains carrying deletions in each
COX gene. The strains, Dcox8, Dcox5a, Dcox11, Dcox15,
Dcox16, Dcox6, Dcox7, and Dcox18, were transformed with
pYX112-AtBI-1 and YEp51-Bax, and suppression activity of
AtBI-1 against Bax-induced growth defects was evaluated.
AtBI-1 inhibited Bax-induced lethality in Dcox8 and Dcox5a
strains to levels reminiscent of WT cells (Fig. 2A). In contrast,
the other COX-deﬁcient strains (Dcox11, Dcox15, Dcox16,
Dcox6, Dcox7, and Dcox18) coexpressing AtBI-1 failed to sur-
vive the Bax-induced lethality. Interestingly, the apoptosis sup-
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induced lethality (Fig. 2B).
COX is a crucial component of mitochondrial electron
transport, and we next analyzed ATP content in the COX
mutants to evaluate the action of BI-1. Yeast cells cultured
in YPD medium for 1 day were collected and used for the
ATP measurement. The ATP levels decreased remarkably in
the mutant strains that did not show AtBI-1 suppression of
Bax-induced cell lethality (Dcox11, Dcox15, Dcox16, Dcox6,
Dcox7, and Dcox18) (Fig. 3A). In contrast, Dcox8 and Dcox5a
lines, which recovered growth with AtBI-1, maintained their
higher ATP levels. Of note, WT and mutant cells expressed
similar levels of Bax and AtBI-1 genes (Fig. 3B), indicating
that the inability to recover growth was not due to altered
expression of Bax or AtBI-1.
3.3. ATP-less yeast mutants failed to survive from Bax-induced
lethality
Finally, we utilized several yeast strains deﬁcient in mito-
chondrial electron transport to investigate the relationship
between ATP production and the dysfunction of AtBI-1.
The following strains were cotransformed with YEp51-Bax
and pYX112-AtBI-1: WT and Dndi (encoding NADH dehy-
drogenase; included in complex I); Dsdh2, and 4 (encoding suc-
cinate dehydrogenase; included in complex II); Dqcr6, 7, and 8
(encoding ubiquinol-cytochrome c oxidoreductase subunit;
complex III); Datp1, 2, 15, and 17 (encoding subunits of the
F0F1ATPase, complex 5); and, Dcyt2 and Dcyc2 (encoding
cytochrome c heme lyase). Most of the strains except Datp1
and Datp17 grew well on SD–glucose plates (Glc). When pla-Fig. 3. Measurement of ATP contents in COX subunit-deﬁcient
mutants. (A) ATP content in COX subunit-deﬁcient yeast cells was
measured by luminometry. Yeast cells were grown in YPD medium for
1 day. The ATP content was expressed as a relative value against WT.
Data are means ± S.E.M. n = 9. (B) RT-PCR analysis of AtBI-1 and
Bax expressions in wild type (WT) and COX subunit-deﬁcient
mutants. Yeast cells processing pYX112-AtBI-1 and galactose-induc-
ible Yep51-Bax were cultured for 16 h in SD–Glc medium, and then
shifted to SD–Gal to induce Bax expression. After 2 h of culturing,
cells were collected and subjected to RNA isolation. Ethidium bromide
staining of rRNAs served as a control.ted on the Gal-medium, Dqcr7, Dqcr8, Datp1, Datp2, Datp17,
Dcyt2, and Dcyc2 showed obviously reduced growth compared
to WT (Fig. 4A and B), with ATP levels 20% of those in WT
cells (Fig. 4C). In contrast, yeast strains in which AtBI-1 inhib-
ited Bax-induced lethality showed ATP levels 50–95% of
those in controls. The expression levels of AtBI-1 and Bax in
these mutants were not aﬀected by the gene disruption
(Fig. 4D).4. Discussion
Many key apoptotic events focus on the mitochondria,
including the release of cytochrome c, changes in electron
transport, loss of mitochondrial transmembrane potential,
and participation of pro- and anti-apoptotic Bcl-2 family pro-
teins [17]. A component of the mitochondrial ATP synthesis
machinery was recently shown to aﬀect Bax-mediated toxicity
in yeast and mammalian cells [18,19].We therefore chose yeast
mutants for this study under the following criteria: (1) not
lethal in haploid strain background, (2) no eﬀect on Bax-in-
duced yeast lethality for the assay of BI-1-mediated cell death
suppression.
The ﬁrst BI-1-inactive mutant identiﬁed was Dcox16, which
lacked an essential protein for the assembly of functional cyto-
chrome c oxidase [20]. COX is a hetero-oligomeric lipoprotein
complex of the mitochondrial inner membrane [21]. To address
the role of ATP production in AtBI-1-mediated suppression of
cell death, we further chose deletion mutants targeting each
complex of the electron transport chain as well as components
of the mitochondrial ATP synthesis machinery. COX6 [22],
COX11 [23], COX15 [24], COX18 [25], and COX7 [19] are
essential for ATP generation in yeast. In addition, yeast de-
leted for ATP1 [26], ATP2 [26], ATP17 [27], QCR7 [19], and
QCR8 [28] are known to fail to generate ATP. CYC2 and
CYT2 encode factors involved in the mitochondrial import
of cytochrome c, covalent attachment of heme to apocyto-
chrome c1, and respiration eﬃciency [29,30]. In addition, we
used mutants of Dndi (encoding NADH dehydrogenase; com-
plex I), which retain the ability to generate ATP [19]. Similarly,
a single disruption to the SDH (succinate dehydrogenase)
genes in complex 2 do not aﬀect respiration eﬃciency [31],
and disruption or deletion of QCR6 (encoding subunit 6 of
the cytochrome bc1 complex) and COX5a (encoding cyto-
chrome c oxidase complex) do not impair growth of yeast on
non-fermentable carbon sources [32,33]. Finally, COX8 is re-
quired to attain maximal levels of cellular respiration, however
its deletion is not lethal [34]. Some mutants used in this study
showed delayed growth on galactose containing medium, how-
ever their sensitivities for Bax were normal and they equally
killed by Bax (data not shown).
We show here that the ability to generate ATP is an impor-
tant determinant of BI-1-mediated suppression of Bax-induced
lethality. In contrast, ATP was not required for another anti-
apoptotic protein, Bcl-2, to inhibit Bax-induced cell death.
Bcl-2 protein is largely localized at mitochondria and inhibits
release of cytochrome c from mitochondria to cytosol in mam-
malian cells [35]. Yeast two-hybrid assays by Sato et al. [36]
demonstrated Bax interacting with Bcl-2 and Bcl-xL. Further-
more, Bcl-2 proteins inhibit Bax-mediated ROS production in
yeast cells [37]. Our data suggest that Bcl-2 and AtBI-1 inhibit
Fig. 4. Eﬀect of deletion in mitochondrial electron transport chain. (A) Cell death-suppression activity of AtBI-1 in deletion mutants of other
respiratory-related genes. Mutant cells transformed with YEp51-Bax and pYX112-AtBI-1 were cultured in medium containing glucose. After 1 day
of shaking, the OD600 of each culture was adjusted to 0.1 and diluted to 0.001. Each dilution was spotted on SD medium containing glucose (Glc) or
galactose (Gal). The results show the growth of each line after 2 days (Glc) and 4 days (Gal) of incubation at 30 C. Wild type BY4741 yeast (WT)
was used as a control (B). Relative growth of yeast strains expressing AtBI-1 (Glc) or both AtBI-1 and Bax (Gal) was compared. The spots that
appeared in the third dilution (A600 = 0.001) of (A) were densitometrically analyzed and expressed relative to each other (Glc/Gal). (C) Analysis of
ATP levels. Mutant cells were grown in YPD medium for 1 day. ATP was extracted and measured in a luminometer. The ATP content was expressed
relative to WT. Data are means ± S.E.M. n = 6. (D) AtBI-1 and Bax expression in yeast mutants were analyzed by RT-PCR. Yeast cells processing
pYX112-AtBI-1 and galactose-inducible Yep51-Bax were cultured for 16 h in SD–Glc medium, and then shifted to SD–Gal to induce Bax
expression. After 2-h culture, cells were collected and subjected to RNA isolation. Ethidium bromide staining of rRNAs served as a control.
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localizes to the ER in yeast and plant cells [3], and AtBI-1 does
not inhibit Bax-mediated ROS production in plants, suggesting
that AtBI-1 works at a later stage in the cell death process [3].
ER is the main storage site of Ca2+ in a cell, and transfer of
Ca2+ from ER to mitochondria is required to initiate apoptosis
[38]. Chae et al. [10] demonstrated that the overexpression of
BI-1 limits the release of Ca2+ into the cytosol, which also sup-
ported by ﬁnding of Westphalen et al. [39]. Chae et al. [10] also
suggested that BI-1 may indirectly aﬀect Ca2+ re-entry into the
ER after emptying of the stores there. Recently, we demon-
strated that BI-1 overexpression in Arabidopsis conferred toler-
ance against cyclopiazonic acid, a Ca2+-pump inhibitor [12].
Taken together, these ﬁndings suggest that BI-1 could alter
ER Ca2+ concentrations by modulating the Ca2+-pumps or
channels. We could further speculate that ATP is consumed
in this uptake process, suggesting that survival of cells via
AtBI-1 requires functional mitochondria.
An alternative possibility is that AtBI-1 suppresses only
ATP-dependent cell death. The BI-1 insensitivity observed in
this study was associated with a decreased ability to generate
ATP. It is feasible that ATP levels are the key factor deciding
a cell’s mode of death, because apoptosis is often energy
(ATP)-dependent, whereas necrosis is not [40–42]. Thus,
Bax-induced cell death in the ATP-depleted yeast mutantsmay occur via a diﬀerent mechanism from an ATP-dependent
process like apoptosis.
Further analysis is necessary to elucidate the role of BI-1 in
plants. Such research should address whether AtBI-1-mediated
cell death suppression mechanisms are also operational in
plant programmed cell death.
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